Abstract Women who receive positive or uninformative BRCA1/2 test results face a number of decisions about how to manage their cancer risk. The purpose of this study was to prospectively examine the effect of receiving a positive versus uninformative BRCA1/2 genetic test result on the perceived pros and cons of risk-reducing mastectomy (RRM) and risk-reducing oophorectomy (RRO) and breast cancer screening. We further examined how perceived pros and cons of surgery predict intention for and uptake of surgery. 308 women (146 positive, 162 uninformative) were included in RRM and breast cancer screening analyses. 276 women were included in RRO analyses.
Introduction
BRCA1/BRCA2 (BRCA1/2) gene testing increasingly has become part of routine clinical care for high-risk women. BRCA1/2 mutations confer a 40-66% lifetime risk of developing breast cancer and a 13-46% risk of ovarian cancer [1] . BRCA1/2 carriers with a previous breast cancer diagnosis have up to a 60% lifetime risk of a second contralateral breast cancer [2, 3] . Thus, women who learn that they carry a BRCA1/2 mutation are faced with difficult decisions about how to manage their cancer risk.
Current guidelines for breast cancer risk management for mutation carriers recommend enhanced breast cancer surveillance with annual mammography and breast magnetic resonance imaging beginning at age 25-30 and consideration of risk-reducing mastectomy (RRM) [4, 5] . Guidelines for ovarian cancer risk management recommend risk-reducing oophorectomy (RRO) at the completion of child-bearing or by age of 35-40 [4] . RRO also reduces breast cancer risk when performed before age 50 [6, 7] .
In contrast to mutation carriers, for women who are first in their family to undergo testing (i.e., proband), but for whom a deleterious mutation is not detected, hereditary risk remains uncertain and cannot be ruled out due to the possibility of an undetected BRCA1/2 mutation or a mutation in another cancer susceptibility gene. This result is considered uninformative, accounting for the majority of results received by probands [8] . There are no standard professional guidelines for risk management among uninformatives. Women who do not carry a mutation previously detected in their family receive definitive negative results, with cancer risk and screening guidelines similar to the general population [9, 10] .
Cancer risk management decisions can be difficult for women who receive positive or uninformative results, partially due to the competing risks, benefits, and limitations of each management option. Although RRM reduces the risk of breast cancer risk by about 90% in both unaffected and previously affected women [11] [12] [13] , many women are reluctant to choose RRM due to concerns about body image, sexuality, quality of life, the irreversibility of the procedure, and the aggressive nature of removing healthy breasts. In contrast, breast cancer surveillance is non-invasive with few adverse effects, but does not reduce cancer risk. There is also limited evidence for the efficacy of enhanced surveillance among BRCA1/2 carriers [14] . Finally, while RRO reduces the risk of ovarian and breast cancer when performed pre-menopausally [6, 7, 15] , it can lead to severe menopausal symptoms [16] and increased cardiovascular risks due to the loss of protective estrogen [17, 18] . Women from high-risk families who receive uninformative results often consider some or all of these options, but unlike carriers, do not have clear recommendations to guide their management decisions. They must base their decisions on qualitative risk estimates that are informed by their medical history and family pedigree. These estimates are heterogeneous and entail considerable uncertainty, complicating risk management decisions in this population [19] .
To date, there has been little quantitative study of how the receipt of BRCA1/2 test results impacts women's attitudes toward RRM and RRO and how these attitudes impact subsequent risk management decision making. Perceived benefits of RRO predict surgery intentions in women with a family history of the disease [20] , and a recent retrospective study showed that attitudes about RRM and screening differed by test result and that these attitudes were related to the ultimate management option [21] . However, we are aware of no prospective studies that have examined the impact of genetic test results on changes in attitudes toward risk management and whether these attitudes impact intentions for and uptake of risk-reducing surgeries.
Therefore, we evaluated the effect of receiving a positive versus uninformative BRCA1/2 genetic test result on the pros and cons of RRM, RRO, and breast cancer screening. We further examined how pros and cons of RRM and RRO predict intention for and, in carriers, subsequent uptake of surgery. We predicted that positive BRCA1/2 test results would lead to more positive attitudes (increased pros and decreased cons) toward RRM and RRO, while these measures would not change significantly for uninformatives. We further predicted that these pros and cons would predict surgical intentions and, among carriers, uptake in the year after testing, adjusting for pre-testing attitudes.
Methods

Participants
Participants were recruited from 2001 to 2005, a period predating the use of routine MRI for high-risk women [22] , through the genetic testing research programs at the Lombardi Comprehensive Cancer Center, Mount Sinai School of Medicine, and Englewood (NJ) Hospital and Medical Center. Data were collected as part of a randomized controlled trial of a CD-ROM-based decision aid intervention for women who received BRCA1/BRCA2 positive test results, with the aim of facilitating risk management decisions in this group [23] .
Of the 1223 individuals who contacted the clinical research programs across the sites, 1109 completed a predisclosure baseline telephone interview. However, since the pros and cons measures were not initially included in the interview, 603 female participants completed interviews that included the measures. Of these, 408 received either positive BRCA1/2 test results (N = 191) or uninformative results (N = 217). Among these, 31 were ineligible for the present analysis for the following reasons: prior bilateral mastectomy (N = 9); under age 25 (N = 3); or age 75 or older (N = 19). Age restrictions were chosen to coincide with breast cancer screening guidelines for high-risk women [4] . Of the remaining 377 eligible women, 47 (11.75%) did not complete the post-disclosure baseline interview, 18 (4.5%) did not complete the 6-month interview, and 4 (1.0%) did not complete the 12-month interview. Thus, the final sample of 308 represents 81.70% of eligible women.
For analyses focused on RRM and breast cancer screening, the full sample of 308 women (146 positive, 162 uninformative) was available for analysis. For analyses focused on RRO, we eliminated those with prior bilateral oophorectomy, yielding a smaller group (N = 276).
Procedure
All participants were self-or physician-referred to one of the participating genetic counseling programs. Prior to the initial genetic counseling appointment, eligible participants completed a baseline telephone interview and related informed consent to collect information on demographics, family cancer history, psychosocial variables, and attitudes toward risk management options. After providing written informed consent to receive genetic counseling, participants completed an initial genetic counseling session, and, if interested, provided DNA for genetic testing. Participants later completed a genetic counseling disclosure session, during which the test result was disclosed and its implications were discussed with the patient, including associated breast and ovarian cancer risks, options for breast and ovarian cancer prevention and surveillance, psychological issues related to disclosure, and referrals to other medical professionals for recommended follow-up. At 1-month post-disclosure of test results, we recontacted participants to complete follow-up telephone interviews. All genetic counseling and testing were provided free of charge.
With the exception of our behavioral outcomes (RRM/ RRO) at 6 and 12 months post-disclosure, data were collected prior to randomization into the decision aid intervention, which was completed after the post-disclosure baseline interview. These participants received standard genetic counseling [24] . Briefly, this included the following topics: risk assessment, cancer risks associated with BRCA1/ 2 mutations, the process of BRCA1/2 testing and interpretation of results, options for cancer prevention and surveillance, and potential benefits and risks of testing. Participants received their results at a genetic counseling disclosure session during which the implications of their test result and management options were discussed. All carriers were provided with explicit recommendations for breast cancer surveillance, information about other management options, physician referrals, and a summary letter outlining all guidelines and recommendations. Approximately 2-4 weeks postdisclosure, participants were contacted for a brief telephone follow-up in which the genetic counselor answered new patient questions, discussed ongoing concerns, and made additional referrals if indicated.
Data for RRM/RRO outcomes in carriers combined both arms of the decision aid trial. In previous study, we reported that the two groups did not differ on uptake of RRM by 12 months post-disclosure [23] . Similarly, the overall rate of RRO did not differ between the groups at 12 months. Despite this, we included randomization status in our models of RRM/RRO uptake to be conservative.
Measures
Control variables
Sociodemographics Participants provided the following, which were dichotomized as: age (B50 vs. [50), race (Caucasian vs. other), marital status (married/partnered vs. other), education (college graduate vs. \college graduate), employment (full time vs. other), insurance status (yes vs. no), and religion (Jewish vs. other).
Medical/family history Upon entry into the genetic counseling program, we assessed family and personal cancer history, screening behavior, and surgical history.
Pros/cons of risk management options
All pros/cons measures were rated on a 4-point Likert-style scale ranging from 1 (Not at all Important) to 4 (Very Important). In each case, separate pros and cons scales were computed by summing the pros items and cons items, then dividing by the number of items to create mean item scores that would be comparable across scales.
Pros/cons of RRM We measured seven pros (Prophylactic mastectomy would reduce my worry about breast cancer) and nine cons (I am concerned about the risks of undergoing major surgery) of RRM at pre-disclosure baseline and 1-month post-disclosure. Reliability for pros (a = 0.80-0.81) and cons (a = 0.80-0.84) was excellent.
Pros/cons of RRO We measured seven pro (To reduce my risk for developing ovarian cancer) and eight con (I am concerned that prophylactic oophorectomy does not eliminate my risk for ovarian cancer) items for RRO at predisclosure baseline and post-disclosure. Reliability for pros (a = 0.75-0.78) and cons (a = 0.76-0.77) was acceptable.
Pros/cons of breast screening Finally, we measured the seven pro (To detect breast cancer early, when it is most treatable) and eight con (I would worry about the risk of mammography missing a cancer that is really present) items for breast screening at post-disclosure only. Cronbach's alpha was 0.76 for pros and 0.70 for cons.
Intentions for RRM and RRO
At pre-disclosure baseline and post-disclosure, we asked participants about their intentions for RRM and RRO. We measured intentions for RRM using two items. Participants were asked: Are you considering having any [additional] breast surgery? (Yes/No). Those who responded yes to this item were asked: What [additional] breast surgery are you considering? Response options included preventive removal of one breast (contralateral mastectomy), preventive removal of both breasts (Bilateral mastectomy), or other surgery (i.e., reconstruction). Responses were coded as Yes if either contralateral or bilateral RRM was being considered.
We measured intentions for RRO using the item, Are you considering having your ovaries removed for prevention? (Yes/No), at each timepoint.
Uptake of RRM and RRO
At the post-disclosure baseline and 6 and 12 months postdisclosure, participants completed a series of questions regarding whether they had received any (additional) breast surgery since the previous interview and, if so, the nature of this surgery. We also asked whether, since our last contact, they had had their ovaries removed, and if so, the reason for this surgery. Participants who received mastectomy or oophorectomy as part of cancer treatment during the follow-up period were not included in the analysis.
Statistical analyses
We used multivariate linear regression to examine whether test result predicted pros and cons of risk management strategies, adjusting for baseline pros and cons and covariates. We used multiple logistic regression to examine whether pros and cons of RRM and RRO at post-disclosure predicted intentions for RRM and RRO, controlling for affected status, baseline pros or cons, baseline intentions, and covariates. Data were analyzed using SPSS 17.0.
Results
Descriptive and bivariate analyses
Mean scores and percentages are shown in Table 1 . Younger participants (\50) had stronger pros and cons and weaker intentions for each management option (Ps \ 0.001). More-educated participants reported stronger cons for RRM than less-educated participants (t = 3.25, P \ 0.001). Married participants had stronger pros (t = 2.24, P \ 0.05) and intentions for RRO (v 2 = 4.12, P \ 0.05) than unmarried participants. Perceived cons of RRM and RRO were inversely related to the number of lifetime biopsies (r = -0.20, P \ 0.001; r = -0.19, P B 0.001) and mammograms (r = -0.24 P \ 0.001; r = -0.24, P B 0.001). Jewish women were less likely to be considering RRM (v 2 = 8.78, P \ 0.01). We adjusted for these covariates in subsequent models.
Pros and cons toward management options
We examined the association between test result (BRCA1/2 positive vs. uninformative) and change in pros and cons for risk management options, adjusting for baseline pros and cons, covariates, and affected status. Receipt of a positive test result was associated with more positive attitudes toward RRM relative to receipt of an uninformative test result (Fig. 1) . Specifically, participants who tested positive reported increased perceived pros for RRM. Test result did not impact perceived cons of RRM. The pattern of results was identical for RRO (Fig. 2) . RRO pros increased significantly for mutation carriers as compared to uninformatives. There was no association between test result and perceived RRO cons. As seen in Tables 2 and 3 , there were a number of items that changed significantly following testing. For RRM, these primarily dealt with the risk-reducing benefits of surgery and the cons of concerns about the risks of surgery and changes to one's appearance. The means of few items changed in the context of RRO, with these being concerns about the risks of surgery and concern about self-image. In multivariate linear regression models predicting post-disclosure pros and cons (Table 4) , after adjusting for baseline pros and cons, covariates, and affected status, carriers held significantly stronger RRM and RRO pros. Test result did not significantly contribute for the models for cons of surgery.
Although we did not assess screening pros and cons longitudinally, there were significant differences at postdisclosure by test result for screening cons (t = 2.68, P \ 0.01), with carriers reporting more negative views of screening (1.70) than uninformatives (1.52). There were not significant group differences for screening pros (3.08 vs. 3.00).
Pros predict intentions for RRM and RRO
Predicting RRM/RRO intentions in carriers, adjusting for affected status, pre-disclosure intentions, pre-disclosure pros or cons, and covariates of religion and education, stronger post-disclosure RRM pros (Table 5, In our sample, all uninformatives were cancer-affected. Due to this redundancy, we did not adjust for affected status in our models of intention. Among uninformatives, controlling for pre-disclosure intentions, pros or cons, and covariates of age and marital status, neither pros nor cons of RRM predicted intentions for this surgery. Stronger pros of RRO (OR = 6.97, 95%CI = 2.62-18.55, P \ 0.001) predicted RRO intentions in this group.
Pros and cons of RRO predict uptake among carriers
Finally, we assessed whether RRM/RRO pros or cons predicted carriers' uptake of RRM/RRO in the year posttesting. Nineteen carriers had RRM by 12 months posttesting; 47 carriers had RRO. Adjusting for pre-disclosure pros and cons, age and randomization status, higher pros (OR = 7.84, 95%CI = 2.43-25.25, P \ 0.001) and lower cons (OR = 0.13, 95%CI = 0.05-0.37, P \ 0.001) of RRO at post-disclosure predicted RRO uptake (Table 6 ). Intentions at post-disclosure strongly predicted RRM. Neither RRM pros nor cons predicted uptake of surgery.
Discussion
Most women who receive positive or uninformative BRCA1/2 mutation test results face complex and emotionladen decisions about their breast and ovarian cancer risk management [25] . Given that carriers often do not receive definitive guidance on which risk management strategy is best for them and those with uninformative results do not have formal guidelines to assist their decision making, these decisions must be made based on individual preferences.
We examined whether the receipt of BRCA1/2 genetic test results changes individual preferences, which were measured as perceived pros and cons of risk management strategies. We further evaluated whether these perceived pros and cons predicted short-term intentions for and longer-term uptake of risk-reducing surgery. We found that patient preferences for risk-reducing surgery became more positive following receipt of a positive test result. Specifically, patients who learned that they carry a BRCA1/2 mutation exhibited an increase in the perceived RRM/RRO pros compared to those with uninformative test results. Perceived cons did not change. Further, perceived pros were significantly associated with intentions for RRM/ RRO among BRCA1/2 carriers, as were perceived cons with intentions for RRM among carriers. Finally, pros and cons in carriers prospectively predicted uptake of RRO in the year post-testing.
It is unclear why the perceived pros of surgeries were more likely to change than the cons and to predict intentions. It may capture discussions had with both medical and genetic counseling providers, in which providers may counsel carriers about the advantages of RRO for this highrisk group. Also, early studies of attitudes toward RRM/ RRO found that increased worry predicted surgical intentions [26] [27] [28] , which is captured in our pros scale. Also, unfortunately, many of the disadvantages of the surgeries do not change-even in women inclined toward surgery, the importance of these risks does not seem to dissipate. Rather, it appears that the relative advantages of these surgeries in terms of risk-reduction may truly increase following a positive result. As a result, pros may come to outweigh cons. Our data also indicate that carriers view screening more negatively than uninformatives at postdisclosure. Thus, it may be that in considering risk management options following the receipt of a positive result, RRM pros (reducing future cancer risks) and screening cons (missing a cancer that is present) may become more pronounced, as might the related differences between prevention versus early detection.
Our study also showed the potential value of measuring preferences for risk-reducing surgery post-disclosure. Perceived pros and cons predicted subsequent uptake of RRO, even after controlling for post-disclosure RRO intentions. This suggests that for women who are initially ambivalent or undecided, those with the strongest preferences are most likely to ultimately proceed with RRO. This may also suggest that those with the strongest preferences may be most likely to obtain RRO in the year post-testing. Women who were more ambivalent, i.e., those who viewed the pros and cons of surgery as equivalent, may delay surgery. Longer-term data would be needed to examine these trends. It also suggests that when predicting actual behavior, the cons of surgery do enter into these decisions. Those who hold stronger reservations about surgery may still hesitate to move forward with this important decision. Our low overall rate of RRM is consistent with previous reports documenting low RRM uptake in the year posttesting [29, 30] . This low rate of RRM may explain the lack of an association between pros/cons and RRM uptake. Recent studies suggest increasing use of RRM [31] [32] [33] and ongoing uptake of RRM after the first year following testing [23] . Likewise, guidelines now include enhanced screening [4, 5] . Since our data were collected from 2001 to 2005, the rates of RRM may be different if the data were collected today. Further, it is likely that more carriers opted for RRM in subsequent years. We did detect an association between pros/cons and intentions, though the strongest predictor of intentions for and uptake of RRM were previous intentions. It may be that women inclined toward surgery at pre-disclosure baseline remain so after the receipt of test results and that the receipt of a positive test result does not make women who are disinclined to RRM more amenable. A substantial literature shows how intentions relate to behaviors in terms of timing and behavioral context [34, 35] . Perhaps given the perceived aggressive nature of RRM, any changes in pros/cons of RRM may not be able to predict uptake of RRM above and beyond the contribution of intentions. However, behavioral outcomes for RRM should be evaluated in datasets that follow surgical outcomes for longer than 12 months post-testing to determine the longer-term relationships among these variables. This study has several limitations. Although the overall sample size was large, few women received RRM in the year post-testing. Thus, we were unable to determine whether changes in pros and cons about RRM ultimately predicted behavior. In addition, all of our uninformatives were cancer-affected. We are unable to comment on potential results for unaffected women with these results or to look at the impact of affected status in models of intention for uninformatives. Also, we did not assess pros and cons of breast screening at pre-disclosure baseline. Therefore, we were unable to examine the change in these over time or to fully assess whether and how changes in pros and cons of screening and surgery relate. Also, because our data at 6 and 12 months post-disclosure were gathered in the context of a randomized trial, our measures of uptake must be considered in this context. Though we controlled to randomization status in our models for surgery uptake, the data for which were collected after randomization, we must consider that findings in purely clinical settings may vary. Also, there are certain aspects of our pros/cons measures that are weaknesses. The fact that our data were collected from 2001 to 2005, our screening measure does not capture more recent advances in screening that could potentially impact our findings. Also, while our cons of RRO reference menopausal symptoms, they do not specifically ask women about this important con. The time period of our data collection also limited our ability to examine rates of enhanced screening. Finally, the lack of diversity of the study sample limits the generalizability of these results. In particular, the vast majority of study participants were well-educated, employed and White. Thus, we do not know whether these results could be replicated in a sample of more racially and ethnically diverse or lower SES women. Also, our results may not generalize to community samples [36] .
Despite these limitations, the present report demonstrates that the receipt of BRCA1/2 mutation test results impacts how mutation carriers see the positive aspects of RRO and RRM, and further that these positive aspects predict intentions for surgery. Pros and cons predict uptake of RRO in carriers. Future research should follow women further in time to better capture behavioral outcomes.
